When infected by the hepatitis C virus (HCV), some patients have minimal progression of disease while some develop a severe liver disease state such as an unremittent high transaminase level, liver fibrosis and cirrhosis ([1](#b1){ref-type="ref"}, [2](#b2){ref-type="ref"}). Knowledge of the risk factors of developing into severe liver disease is important for treatment of chronic HCV infection. Understanding which patients are likely to develop significant liver disease would allow more rational use of therapy, and potentially help identify new therapeutic targets.

Ageing, male sex and alcohol consumption are already been known to be risk factors associated with progression of liver disease ([3](#b3){ref-type="ref"}, [4](#b4){ref-type="ref"}, [5](#b5){ref-type="ref"}). However, even for patients of the same age, sex and with the same alcohol consumption, there are different styles of disease progression. To determine the difference of disease progression among patients, host genetic factors, such as single nucleotide polymorphism (SNP), have been receiving the attention of many scholars ([6](#b6){ref-type="ref"}).

It is usually accepted that inflammation‐associated necrosis/apoptosis and regeneration ultimately lead to progression of liver disease ([7](#b7){ref-type="ref"}, [8](#b8){ref-type="ref"}, [9](#b9){ref-type="ref"}). Genetic factors concerning innate immunity affect the suppression of HCV, and may therefore be related to sustained inflammation and progression of liver disease. 2′‐5′‐oligoadenylate synthetase 1 (OAS‐1) is an important component of the innate immune system ([10](#b10){ref-type="ref"}). After binding with double‐strand RNA (dsRNA), it catalyses the formation of 2′‐5′‐linked oligoadenylate and activates RNaseL, which breaks down viral RNA ([11](#b11){ref-type="ref"}, [12](#b12){ref-type="ref"}). An SNP of OAS‐1 had been reported to be related to sustained infection of Caucasian hepatitis C patients ([13](#b13){ref-type="ref"}). Another SNP of OAS‐1 was reported in another study to be related to development of severe acute respiratory syndrome (SARS, a coronavirus infection) ([14](#b14){ref-type="ref"}). A nonsense single nucleotide mutation in the gene encoding OAS‐1 was also reported to be associated with West Nile virus susceptibility in laboratory mice ([15](#b15){ref-type="ref"}).

In our previous studies, we have reported the association of liver disease progression with the polymorphism of interleukin‐1β, UDP‐glucuronosyltransferase 1A7, MDM2, SCBY14, CRHR2 and GFRA1 ([16](#b16){ref-type="ref"}, [17](#b17){ref-type="ref"}, [18](#b18){ref-type="ref"}). In this study, we first evaluated SNPs of OAS‐1 and its relationship with the disease status of chronic hepatitis C, and then created a pair of OAS‐1‐expression plasmids mimicking the SNPs that are related to clinical manifestations, to investigate its function in liver cell model.

Materials and methods {#ss0}
=====================

Patients {#ss1}
--------

We studied 409 consecutive Japanese patients with chronic HCV infection who consulted the clinic of the University of Tokyo Hospital between August 2001 and June 2003 (227 men and 182 women, 22--84 years old). The genomic DNA of these patients was made available after obtaining written informed consent for genotyping. We also obtained approval from the institutional ethics committee (no. 400), and all the procedures followed institutional guidelines ([19](#b19){ref-type="ref"}).

Patients selected for this study were those who tested positive for HCV antibody (Ortho Diagnostics, Tokyo, Japan), and HCV RNA was measured using the Amplicor HCV assay (Roche, Tokyo, Japan). All patients were hepatitis B surface antigen (Abbott Laboratories, North Chicago, IL, USA) negative. Among 179 cirrhotic patients, 54 patients were confirmed by biopsy. In patients without biopsy specimens, the diagnosis of cirrhosis was made by the presence of clinical manifestations of portal hypertension (e.g. varices, encephalopathy or ascites), biochemical abnormalities \[elevated serum bilirubin, decreased serum albumin or prolonged prothrombin time (PT)\] and obvious morphological change of the liver detected by hepatic imaging (e.g. ultrasonography, computed tomography, arteriography or magnetic resonance imaging). The diagnosis of HCC was made by several imaging methods and all confirmed histologically by sonography‐guided fine needle biopsy.

Polymorphism genotyping {#ss2}
-----------------------

Genomic DNA was extracted from 100 μl whole blood using the SepaGene kit (Sanko Junyaku, Tokyo, Japan) according to the manufacturer\'s instructions. Extracted DNA was dissolved in 20 μl of 10 mM Tris‐HCl buffer (pH 8.0) containing 1 mM EDTA, and was stored at −30 °C until use.

As shown in [Table 1](#t1){ref-type="table"}, six SNPs in the OAS‐1 gene were selected for study. We selected two SNP sites from the promoter region, two SNP sites from the coding sequence (CDS, both of two SNPs are nonsynonymous) and two SNP sites from the 3′‐untranslated region (UTR) or exon 6 (due to different transcripts). We selected these targets for the reason that different nucleic acids at the promoter region may lead to different levels of transcription, while different nucleic acids at the exon, which leads to substitution of amino acids, may eventually change the function of this protein.

###### 

 Single nucleotide polymorphisms of 2′‐5′‐oligoadenylate synthetase 1 selected for study

  Role            Relative position   dbSNP ID     Alleles   Amino acid change
  --------------- ------------------- ------------ --------- -------------------
  Promoter        −1377               rs2158390    G/C       --
  Promoter        −580                rs12322047   A/G       --
  CDS (exon 1)    183                 rs1050994    C/T       Asp/Asn
  CDS (exon 3)    4119                rs3741981    A/G       Ser/Gly
  3′‐UTR/exon 6   12458               rs3177979    A/G       --
  3′‐UTR/exon 6   12691               rs2660       A/G       --

CDS, coding sequence; UTR, untranslated region.

We performed SNP genotyping using TaqMan SNP Genotyping Assays or Custom TaqMan SNP Genotyping Assays ([20](#b20){ref-type="ref"}), and the ABI 7000 sequence detection system (Applied Biosystems, Foster City, CA, USA). The polymerase chain reaction (PCR) mixture contained 10 ng of genomic DNA, one‐fold TaqMan universal PCR master mix (Applied Biosystems), forward and reverse primers (900 μM each, Applied Biosystems) and 200 nM VIC‐labelled probe and 200 nM of FAM‐labelled probe (Applied Biosystems). Primers and probes were commercially available products of Applied Biosystems, but their sequence was closed under patent.

Polymerase chain reaction was carried out in 96‐well plates with a reaction volume of 25 μl. Thermal cycle conditions were 50 °C for 2 min, 95 °C for 10 min, 40 cycles of 92 °C for 15 s and 60 °C for 1 min. Completed PCR plates were read on an ABI PRISM 7000 sequence detector and analysed using [allelic discrimination sequence detection]{.smallcaps} software (Applied Biosystems). The genotype of each patient was determined from the figure represented by this software ([Fig. 1](#f1){ref-type="fig"}).

![ An example of TaqMan allelic discrimination. The figure shows a representative result of allelic discrimination of a 96‐well plate, with 91 samples and five controls. After real‐time polymerase chain reaction using TaqMan primers and probes, products were divided into three groups according to their original genotype. In this example, the horizontal axis means that the sample was detected by probe connecting with the OAS‐1/allele A single strain (a VIC‐labelled probe), and the vertical axis means that the sample was detected by probe connecting with the OAS‐1/allele G single strain (a FAM‐labelled probe). Therefore, human DNA of A/A type was only detected by the first probe (round‐shaped dots), the G/G type was only detected by the second probe (diamond‐shaped dots) and the A/G type was detected by both probes (triangle‐shaped dots). The square‐shaped dots were no‐template‐control samples, which showed no detection by any probe. OAS‐1, 2′‐5′‐oligoadenylate synthetase 1.](LIV-29-1413-g001){#f1}

Construction of cell line carrying the hepatitis C virus subgenomic replicon or the full‐length hepatitis C virus {#ss3}
-----------------------------------------------------------------------------------------------------------------

Human liver tumour cell line Huh7 was maintained in Dulbecco\'s modified Eagle medium (GIBCO BRL, Gaithersburg, MD, USA) supplemented with 10% heat‐inactivated fetal bovine serum in an atmosphere containing 5% CO~2~. *In vitro*‐transcribed HCV subgenomic RNA and full‐length JFH1 RNA were prepared as described previously ([21](#b21){ref-type="ref"}, [22](#b22){ref-type="ref"}). An HCV subgenomic replicon plasmid expressing a chimeric protein consisting of neomycin phosphotransferase and firefly luciferase (kindly provided by Dr N. Sakamoto, Tokyo Medical and Dental University, Tokyo, Japan) ([21](#b21){ref-type="ref"}) and a plasmid containing a full‐length HCV JFH1 cDNA downstream of T7 RNA promoter (a gift from Dr T. Wakita, National Institute of Infectious Diseases, Tokyo, Japan) ([22](#b22){ref-type="ref"}) were linearized with XbaI. RNA transcripts were synthesized from 2 μg of the linearized DNA using the MEGAscript T7 system (Ambion, Austin, TX, USA) and added to 0.42 ml of 10^7^/ml PBS‐washed Huh7 cells. The mixture was placed in an electroporation cuvette (Bio‐Rad Laboratories, Hercules, CA, USA) and pulsed with 0.27 kV for 30 μs. After 10 min of recovery at room temperature, cells were divided and plated onto five dishes for culture. Twenty‐four hours later, the medium was changed to 250 μg/ml G418‐containing medium, and 3 weeks later, survival colonies were picked up and passaged for further study.

These cells contained a stably harbouring HCV subgenomic replicon or full‐length HCV genome. We determined the relative amount of HCV subgenomic replicon according to firefly‐luciferase activity, and the relative amount of the full‐length HCV by Western blotting of the HCV core protein.

Construction and transfection of plasmids expressing 2′‐5′‐oligoadenylate synthetase 1 {#ss4}
--------------------------------------------------------------------------------------

A pcDNA3 plasmid containing the OAS‐1 coding sequence (kindly provided by Dr Y. Li, Baylor College of Medicine, Houston, TX, USA) was sequenced to confirm the nucleotide sequence corresponding to the SNP that related to clinical manifestations. Site‐directed single nucleotide mutagenesis was performed using the Site Mutation System (Stratagene, La Jolla, CA, USA) to create the second plasmid having a mutation corresponding to SNP. Two plasmids had a difference in only one nucleotide, mimicking OAS‐1 having a major allele or a minor allele.

Transfection efficiency was monitored by cotransfection of pRL‐TK (Toyo Ink, Tokyo, Japan), a control plasmid expressing *Renilla reniformis* (seapansy) luciferase driven by the herpes simplex virus thymidine kinase promoter.

Each of two plasmids or pcDNA3 plasmid containing no OAS‐1 sequence as a negative control was transfected into Huh7 cells carrying the HCV subgenomic replicon or the full‐length HCV genome using Effectene Transfection Reagent (Qiagen, Hilden, Germany) according to the manufacturer\'s instructions. Huh7 cells carrying the HCV subgenomic replicon or the full‐length HCV were plated onto a well of a six‐well tissue culture plate 24 h before transfection. A total of 0.4 μg of plasmid (OAS‐1 expressing plasmid or mock plasmid plus pRL‐TK) was mixed with Effectene, and was added to each well of the cells.

Luciferase assay and quantification of hepatitis C virus core protein {#ss5}
---------------------------------------------------------------------

Cells were harvested 48 h after transfection. For cells harbouring subgenomic replicon, luciferase assays were performed using the PicaGene dual seapansy system (Toyo Ink). Firefly‐luciferase activity and seapansy‐luciferase activity were measured as relative light units with a luminometer (Lumat LB9507, EG&G Berthold, Bad Wildbad, Germany). The firefly‐luciferase activity was then normalized for transfection efficiency based on the seapansy‐luciferase activity. Data were reported as the mean value from triplicate wells. The percentage of luciferase activities relative to that of control, which reflected the percentage of residual HCV replicon after overexpression of OAS‐1, was compared between the two kinds of plasmids. Besides the cotransfection of control plasmid expressing *Renilla reniformis*, Western blotting confirming OAS‐1 protein expression was also performed.

For cells harbouring the full‐length HCV genome, the amount of HCV core protein was determined by Western blotting 48 h after transfection. The relative level of the HCV core protein was compared among these cells transfected with two OAS‐1‐expressing plasmids.

Statistical analysis {#ss6}
--------------------

Clinical parameters were evaluated using the *t*‐test or [anova]{.smallcaps} and the χ^2^‐test to determine their association with the genotype of OAS‐1 of patients. A *P*‐value of less than 0.05 was considered significant. Possible confounding effects among the variables were adjusted using a stepwise multivariate logistic regression model, and odds ratio and its 95% confidence intervals were calculated. In studies with cells, the experiment was repeated three times and the percentage of residual HCV replicon or HCV core protein after overexpression of OAS‐1 was compared using a *t*‐test. Data analysis was performed using [spss]{.smallcaps} version 12.0 (SPSS Inc., Chicago, IL, USA). The Hardy--Weinberg equilibrium (HWE) of alleles at individual loci was evaluated using HWE (ftp://linkage.rockefeller.edu/software).

Results {#ss7}
=======

Frequency of 2′‐5′‐oligoadenylate synthetase 1 polymorphisms {#ss8}
------------------------------------------------------------

Among six SNPs studied, two SNPs (rs12322047 and rs1050994), as were ever reported in the other population, were revealed to be only major allele ([Table 2](#t2){ref-type="table"}). This did not allow any further meaningful analyses. Genotype frequencies of rs2158390, rs3741981, rs3177979 and rs2660 are consistent with the data of the Japanese population reported before (<http://snp.ims.u-tokyo.ac.jp>). The genotype frequencies observed approximated those based on allele frequency calculations, and thus conformed to HWE. SNPs rs3177979 and rs2660 are of complete linkage. The frequency of each SNP in our population is listed in [Table 2](#t2){ref-type="table"}.

###### 

 Frequency of 2′‐5′‐oligoadenylate synthetase 1polymorphisms

  dbSNP ID     Position   Total number   Number (%)                                           
  ------------ ---------- -------------- ------------ ------------- ----- ------------- ----- ------------
  rs12322047   Promoter   92             A/A          92 (100%)     A/G   0             G/G   0
  rs2158390    Promoter   409            G/G          395 (96.6%)   G/C   14 (3.4%)     C/C   0
  rs1050994    CDS        409            C/C          409 (100%)    C/T   0             T/T   0
  rs3741981    CDS        409            A/A          178 (43.5%)   A/G   173 (42.3%)   G/G   58 (14.2%)
  rs3177979    3′UTR      409            A/A          276 (67.5%)   A/G   113 (27.6%)   G/G   20 (4.9%)
  rs2660       3′UTR      409            A/A          276 (67.5%)   A/G   113 (27.6%)   G/G   20 (4.9%)

CDS, coding sequence; UTR, untranslated region.

Association of genotype with patients\' laboratory examinations {#ss9}
---------------------------------------------------------------

As shown in [Table 3](#t3){ref-type="table"}, for patients with the rs2158390 heterozygote, although there was a tendency towards a decrease of the platelet count (PLT), serum albumin level (ALB) and PT, and elevation of alanine aminotransferase (ALT), aspartine aminotransferase (AST), γ‐glutamine phosphatase (gGTP), alkaline phosphatase (ALP) and total bilirubin (TB), there was no statistically significant difference.

###### 

 Association of genotype with patients\' laboratory examinations

  Genotype        PLT          ALB     ALT          AST                                          
  --------------- ------------ ------- ------------ ------- -------------- ------- ------------- -------
  rs2158390 G/G   80.4 ± 1.6   0.157   3.9 ± 0.11   0.832   76.2 ± 2.9     0.704   70.4 ± 2.4    0.841
  G/C             68.9 ± 6.2           3.8 ± 0.13           82.0 ± 9.5             73.0 ± 10.2   
  rs3741981 A/A   79.8 ± 1.2   0.004   3.9 ± 0.03   0.075   68.3 ± 3.5     0.000   63.1 ± 2.6    0.001
  A/G             79.6 ± 1.1           3.8 ± 0.04           75.0 ± 3.9             72.0 ± 3.7    
  G/G             72.6 ± 2.1           3.8 ± 0.07           105.4 ± 11.0           88.9 ± 8.8    
  rs2660/A/A      80.2 ± 2.1   0.942   4.0 ± 0.16   0.854   77.9 ± 3.3     0.017   71.6 ± 2.8    0.100
  rs3177979 A/G   79.2 ± 1.5           3.9 ± 0.05           67.7 ± 4.0             64.7 ± 3.2    
  G/G             81.4 ± 3.3           3.9 ± 0.13           105.1 ± 24.0           87.9 ± 20.4   

  Genotype        gGTP           ALP     TB           PT                                         
  --------------- -------------- ------- ------------ ------- ------------- ------- ------------ -------
  rs2158390 G/G   69.2 ± 3.8     0.590   218 ± 4.3    0.891   0.88 ± 0.03   0.377   14.1 ± 0.5   0.529
  G/C             80.2 ± 16.7            222 ± 19.6           1.01 ± 0.21           12.4 ± 1.1   
  rs3741981 A/A   62.5 ± 4.2     0.051   210 ± 6.4    0.095   0.84 ± 0.03   0.098   14.0 ± 0.4   0.144
  A/G             69.8 ± 6.7             222 ± 6.1            0.88 ± 0.05           13.8 ± 0.5   
  G/G             90.3 ± 11.4            237 ± 12.2           1.02 ± 0.07           12.2 ± 0.8   
  rs2660/A/A      71.9 ± 4.9     0.023   219 ± 5.1    0.492   0.87 ± 0.03   0.909   14.2 ± 0.7   0.782
  rs3177979 A/G   57.3 ± 4.4             222 ± 8.6            0.89 ± 0.07           13.5 ± 0.6   
  G/G             104.5 ± 24.5           198 ± 13.9           0.92 ± 0.10           13.6 ± 1.5   

The units are PLT 10^3^/μl; ALB g/dl; ALT IU/L; AST IU/L; gGTP IU/L; ALP IU/L; TB mg/dl; and PT second respectively.

ALB, serum albumin level; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartine aminotransferase; gGTP, γ‐glutamine phosphatase; PLT, platelet count; PT, prothrombin time; TB, total bilirubin.

For patients with rs3741981 homozygous wild type (A/A), heterozygous type (A/G) and homozygous minor allele (G/G), there was a gradient increase of ALT and AST (*P*\<0.001 and *P*=0.001). A decrease of PLT was also found in the minor allele. There was also a tendency towards a decrease of ALB, and elevation of gGTP, ALP and TB, but not statistically significant.

In the situation of rs3177979/rs2660 (complete linkage), there was an increase of ALT and gGTP in the group of minor allele, but it did not show a gradient increase style from a homozygous wild type to a heterozygous type. The difference in the other laboratory examinations did not reach a statistically significant level.

We also tested 323 patients\' peripheral serum HCV RNA level, but there was no difference in the HCV RNA level among patients with different genotypes ([Table 4](#t4){ref-type="table"}).

###### 

 Association of 2′‐5′‐oligoadenylate synthetase 1 genotype and patients\' hepatitis C virus RNA Level

  dbSNP ID         Genotype   Number     HCV RNA level (ng/μl)   *P* value
  ---------------- ---------- ---------- ----------------------- -----------
  rs2158390        G/G        311        468 ± 19                0.881
  G/C              12         483 ± 71                           
  rs3741981        A/A        139        491 ± 30                0.538
  A/G              139        457 ± 26                           
  G/G              45         435 ± 49                           
  rs2660/3177979   A/A        218        472 ± 23                0.924
  A/G              89         464 ± 35                           
  G/G              16         441 ± 71                           

HCV, hepatitis C virus.

Association of genotype with liver cirrhosis and degree of liver fibrosis {#ss10}
-------------------------------------------------------------------------

A relationship was found between the rs3741981 genotype and liver cirrhosis. Patients with rs3741981 genotypes A/A, A/G and G/G were at a gradient increased risk of suffering from liver cirrhosis (*P*=0.001, [Table 5](#t5){ref-type="table"}). No relationship was found between other SNPs and liver cirrhosis ([Table 5](#t5){ref-type="table"}). Among 95 patients with biopsy data of degree of fibrosis, a relationship between the rs3741981 genotype and the degree of liver fibrosis was also found. Patients with rs3741981 genotypes A/A, A/G and G/G were at a gradient increased risk of suffering from a higher degree of liver fibrosis (*P*=0.01, [Table 6](#t6){ref-type="table"}).

###### 

 Association of 2′‐5′‐oligoadenylate synthetase 1 genotype and cirrhosis

  dbSNP ID         Genotype   Number       Cirrhosis (*n*=179)   No cirrhosis (*n*=230)   *P* value
  ---------------- ---------- ------------ --------------------- ------------------------ -----------
  rs2158390        G/G        395          172 (43.5%)           223 (56.5%)              0.785
  G/C              14         7 (50.0%)    7 (50.0%)                                      
  rs3741981        A/A        178          62 (34.8%)            116 (65.2%)              0.001
  A/G              173        82 (47.4%)   91 (52.6%)                                     
  G/G              58         35 (60.3%)   23 (39.7%)                                     
  rs2660/3177979   A/A        276          122 (44.2%)           154 (55.8%)              0.930
  A/G              113        49 (43.4%)   64 (56.6%)                                     
  G/G              20         8 (40.0%)    12 (60.0%)                                     

###### 

 Association of 2′‐5′‐oligoadenylate synthetase 1 genotype and degree of fibrosis

  Genotype         Genotype   Number      F1 to F2 (*n*=20)   F3 to F4 (*n*=75)   *P* value
  ---------------- ---------- ----------- ------------------- ------------------- -----------
  rs2158390        G/G        93          20 (21.5%)          73 (78.5%)          0.622
  G/C              2          0 (0.0%)    2 (100.0%)                              
  rs3741981        A/A        41          14 (34.1%)          27 (65.9%)          0.010
  A/G              42         3 (7.1%)    39 (92.9%)                              
  G/G              12         3 (25.0%)   9 (75.0%)                               
  rs2660/3177979   A/A        67          17 (25.4%)          50 (74.6%)          0.166
  A/G              25         2 (8.0%)    23 (92.0%)                              
  G/G              3          1 (33.3%)   2 (66.7%)                               

In order to confirm the relationship between rs3741981 genotypes with liver cirrhosis, we also performed a multivariate analysis. The factors associated with liver cirrhosis in univariate analysis included rs3741981 genotype, age, PLT, ALB, TB, α‐fetoprotein level, PT and a diagnosis of hepatocellular carcinoma. [Table 7](#t7){ref-type="table"} shows the factors associated with liver cirrhosis in multivariate analysis. The odds ratio of rs3741981 genotype G/G for liver cirrhosis was 3.1 (*P*=0.013, [Table 7](#t7){ref-type="table"}).

###### 

 Multivariate analysis of factors related to cirrhosis

  Factors            *P* value   Odds ratio   95% CI
  ------------------ ----------- ------------ --------------
  rs3741981                                   
   A/A                           1            
   A/G               0.089       1.708        0.922--3.165
   G/G               0.013       3.112        1.269--7.631
  Age                0.015       1.043        1.008--1.079
  PLT                0.000       0.851        0.794--0.912
  ALB                0.018       0.426        0.210--0.866
  PT                 0.005       0.966        0.944--0.990
  Diagnosis of HCC   0.000       4.102        2.266--7.424

ALB, serum albumin level; CI, confidence interval; HCC, hepatocellular carcinoma; PLT, platelet count; PT, prothrombin time.

Relationship of genotype and interferon treatment response {#ss11}
----------------------------------------------------------

Considering that OAS‐1 is an interferon (IFN)‐stimulated gene, we tested the relationship of genotype and IFN treatment response. Altogether, 107 patients in our population had data of IFN treatment response, but our result showed no relationship between genotype and IFN treatment response ([Table 8](#t8){ref-type="table"}).

###### 

 Relationship of genotype and interferon treatment response

  dbSNP ID         Genotype   Number      Response (*n*=18)   No response (*n*=89)   *P* value
  ---------------- ---------- ----------- ------------------- ---------------------- -----------
  rs2158390        G/G        104         18 (17.3%)          86 (82.7%)             0.572
  G/C              3          0 (0.0%)    3 (100.0%)                                 
  rs3741981        A/A        41          7 (17.1%)           34 (82.9%)             0.820
  A/G              49         9 (18.4%)   40 (81.6%)                                 
  G/G              17         2 (11.8%)   15 (88.2%)                                 
  rs2660/3177979   A/A        71          12 (16.9%)          59 (83.1%)             0.894
  A/G              32         5 (15.6%)   27 (84.4%)                                 
  G/G              4          1 (25.0%)   3 (75.0%)                                  

Hepatitis C virus inhibitory effect of single nucleotide polymorphism‐simulating 2′‐5′‐oligoadenylate synthetase 1 in liver cells {#ss12}
---------------------------------------------------------------------------------------------------------------------------------

A and G alleles of plasmids, mimicking the A/A and G/G genotypes of rs3741981, were confirmed by direct sequencing. Forty‐eight hours after transfection of these plasmids into Huh7 cells harbouring the HCV subgenomic replicon, a difference in the percentage of luciferase activities relative to that of control, which reflected the percentage of residual HCV replicon after overexpression of OAS‐1 with the A or the G allele, was found ([Fig. 2](#f2){ref-type="fig"}). The percentage of residual HCV replicon after transfection of the G‐type plasmid was higher than that of the A‐type plasmid (*P*=0.004), indicating a weaker ability of G‐type OAS‐1 in inhibiting the HCV subgenomic replicon. As for Western blotting, no difference in the quantity of OAS‐1 expression was found between OAS‐1/allele A and OAS‐1/allele G ([Fig. 3](#f3){ref-type="fig"}), indicating that the difference of virus suppression was due to the quality of OAS‐1.

![ Effect of different OAS‐1 overexpressions on the hepatitis C virus (HCV) replicon. The A‐ and G‐type plasmids, mimicking the A/A and G/G genotype of an SNP rs3741981, were transfected into Huh7 cells harbouring the HCV subgenomic replicon, and luciferase activity was measured 48 h later. The values were displayed as the percentage of luciferase activities relative to that of control, which reflected the percentage of the residual HCV replicon after overexpression of OAS‐1. The percentage of residual HCV replicon after transfection of the G‐type plasmid was significantly higher than that of the A‐type plasmid (*P*=0.004). Error bars indicate standard deviation. OAS‐1, 2′‐5′‐oligoadenylate synthetase 1; SNP, single nucleotide polymorphism.](LIV-29-1413-g002){#f2}

![ Western blotting of OAS‐1 after transfection of different plasmids. Each plasmid containing no OAS‐1 sequence, containing the OAS‐1 A‐type or G‐type sequence, was transfected into Huh7 cells harbouring the hepatitis C virus subgenomic replicon. Cell lysates were collected 48 h later, and Western blotting was performed. β‐actin was used as a quantitative control. The figure shows no difference in OAS‐1 expression between A‐type and G‐type plasmids. OAS‐1, 2′‐5′‐oligoadenylate synthetase 1.](LIV-29-1413-g003){#f3}

While in cells harbouring the full‐length HCV genome, JFH1, the relative amounts of intracellular HCV core protein determined by Western blotting showed the same tendency as the results using the HCV subgenomic replicon, the relative amounts of intracellular HCV core protein determined by Western blotting are 100% for mock‐transfected, 77% for OAS‐1/allele A‐transfected and 84% for OAS‐1 allele G‐transfected.

Discussion {#ss13}
==========

Our results suggested that a nonsynonymous SNP on exon 3 of OAS‐1 (rs3741981) was related to a higher serum transaminase level, a higher degree of liver fibrosis and the presence of cirrhosis. In fact, OAS‐1 having a G allele in rs3741981 has a weaker ability in suppressing HCV replication compared with OAS‐1 having an A allele. Thus, our results can be explained by the fact that patients with the rs3741981 G allele were weaker in suppressing HCV replication compared with patients with the rs3741981 A allele, which may lead to a higher degree of necrosis and regeneration, and ultimately fibrosis and cirrhosis of the liver.

The OAS‐1 gene, located on chromosome 12, has two major transcripts that are generated by alternative splicing at the last two exons. E16 (NM_002534) is a short transcript with five exons and is translated into p40 isoform. E18 (NM_016816) is a long transcript with six exons and is translated into p46 isoform ([23](#b23){ref-type="ref"}, [24](#b24){ref-type="ref"}). The A/G polymorphism in exon 3 of OAS‐1 (rs3741981) causes amino acid substitution Ser162Gly in both isoforms, which is located near the dsRNA‐binding domain (amino acid 104‐158) of OAS‐1 ([25](#b25){ref-type="ref"}).

The OAS‐1 protein belongs to the dsRNA‐binding protein family, which is characterized by having one or more dsRNA‐binding motif (dsRBM) and activation of enzyme activity after binding of the dsRBM with dsRNA. The A‐form double helix dsRNA, compared with the double‐stranded DNA, which is a B‐form double helix, is known for its shallower‐and‐broader minor groove and narrower‐and‐deeper major groove. A study showed that the dsRBM uniquely contacts the dsRNA helix in two successive minor grooves and once in the intervening major groove ([26](#b26){ref-type="ref"}). Substitution of nearly all the amino acids within the consensus dsRBM decreases dsRNA binding ([27](#b27){ref-type="ref"}, [28](#b28){ref-type="ref"}, [29](#b29){ref-type="ref"}).

An A to G substitution in the OAS‐1 gene results in a serine to glycine substitution in OAS‐1 protein, which may affect the three‐dimensional structure of dsRBM and thus weaken the binding of dsRNA and finally the ability to suppress virus replication. We tested this hypothesis using liver cells carrying the HCV subgenomic replicon or the full‐length HCV genome. Transfection of the OAS‐1 expression plasmid into cells harbouring the HCV subgenomic replicon of the full‐length genome (overexpression) resulted in inhibition of HCV, which was consistent with previous reports ([30](#b30){ref-type="ref"}). In our experiments, cells transfected with the G‐type OAS‐1 plasmid showed higher HCV replication compared with the A type. Therefore, patients with the rs3741981 G allele were weaker in suppressing HCV replication compared with those with the A allele. The higher transaminase level might be the clinical evidence. Increased inflammation eventually led to fibrosis and cirrhosis of the liver. The rate of fibrosis progression was believed to be higher among patients with higher serum ALT and AST levels, as reported by Ghany *et al.* ([7](#b7){ref-type="ref"}). Thus, by *in vitro* and *in vivo* study, we ratiocinated that G allele carriers had weaker virus clearance, which resulted in more inflammation, and then more fibrosis.

Another A/G polymorphism in exon 6 (rs3177979) of OAS‐1 causes the amino acid substitution Thr352Ala, which is located near the region related to the enzyme activity (amino acid 320‐344) of OAS‐1 ([25](#b25){ref-type="ref"}). This could be the reason why it had a certain relationship with higher ALT.

Unfortunately, one of the shortcomings of our study was that only a part of the cases diagnosed as having cirrhosis had a pathological confirmation. We can only say that SNP of OAS‐1 has a relationship with clinically diagnosed cirrhosis. However, it still provided a clue to focus more attention on patients with the rs3741981 G allele, who were also more likely to suffer from higher serum transaminase and a higher degree of fibrosis. It is reasonable to assume that this group of patients was more likely to develop significant liver disease, i.e. should be intensively cared and followed.

There was no difference in the peripheral HCV RNA level among patients with different genotypes in our study. However, serum viral loads may be affected by both viral and host factors such as viral replication ability and polymorphisms of genes related to innate immunity, viral receptors and cellular genes to help viral replication. In fact, it was previously reported that the viral sequence affects the viral load ([31](#b31){ref-type="ref"}). Moreover, it is possible that serum viral loads do not correlate with viral loads in the liver. It is the virus in the liver that leads to inflammation and fibrosis.

Our study showed no relationship of SNPs of OAS‐1 and IFN treatment response. Considering that OAS‐1 is one of IFN‐stimulated genes, Knapp *et al.* ([13](#b13){ref-type="ref"}) studied the relationship of an SNP of OAS‐1 (rs2660) with the result of IFN therapy, and found that the genotype of rs2660 was not associated with response to IFN therapy but was associated with persistent infection of patients. The result of IFN therapy obtained by Knapp and colleagues is consistent with our study. It is interesting that previous papers reported an increase of OAS‐1 protein expression in persistent HCV infection but not in exogenous IFN treatment ([32](#b32){ref-type="ref"}, [33](#b33){ref-type="ref"}). It seems that OAS‐1, as a component of the innate immune system and an IFN‐stimulated gene, is linked to persistent infection but not to the effect of exogenously administered IFN.

Although our result showed the relationship of the rs3741981 G allele with cirrhosis, the odds ratio of the genotype G/G was about 3.1, and for genotype A/G, the relationship was not statistically significant. Many statisticians consider that a 0.05 cut‐off is inadequate for genetic association studies. They rather recommend a 0.01 cut‐off to strengthen the value of the association. Therefore, our conclusion should be weakened to some extent. In fact, many genetic factors had been reported to associate with fibrosis/cirrhosis of the liver. Most reports were on cytokine polymorphisms. Polymorphisms of interleukin‐10 and tumour necrosis factor‐β were reported in many studies to relate to fibrosis ([34](#b34){ref-type="ref"}, [35](#b35){ref-type="ref"}). The association of the polymorphism of complementary 5 and fibrosis degree was also reported recently ([36](#b36){ref-type="ref"}). Patients with monocyte chemotactic protein‐1 genotype G/G or G/A were more likely to have advanced fibrosis and severe inflammation in the liver biopsy than those with genotype A/A ([37](#b37){ref-type="ref"}). The polymorphism of other genes such as the angiotensinogen gene has also been reported to be associated with more advanced fibrosis ([38](#b38){ref-type="ref"}). Patients with coagulation factor V Leiden mutation (A560G) were also more likely to progress to cirrhosis ([39](#b39){ref-type="ref"}). In another study on different alleles for the microsomal epoxide hydrolase gene, an important antioxidant enzyme, patients with cirrhosis were more likely to have the slow metabolizer phenotype of this enzyme ([40](#b40){ref-type="ref"}). It seems that many genetic factors can affect the progression of liver disease, involving different aspects of the liver such as immune, metabolism, circulation and so on. Therefore, in the future, many SNPs of a patient might be detected simultaneously in order to have a stronger prediction of the risk of developing significant liver disease.

In conclusion, our study once more proved the association of liver disease progression with genetic factors. The SNP of OAS‐1 at the exon 3 of its coding sequence, together with other genetic factors mentioned by us ([16](#b16){ref-type="ref"}, [17](#b17){ref-type="ref"}, [18](#b18){ref-type="ref"}) and other scholars, might be useful in the assessment and treatment of hepatitis C.

This work was supported by Global COE Program 'Center of Education and Research for Advanced Genome‐Based Medicine: For personalized medicine and the control of worldwide infectious diseases', the Ministry of Education, Culture, Sports, Science and Technology of Japan, by grants‐in‐aid for scientific research from the Ministry of Education, Culture, Sports, Science and Technology of Japan, by Health and Labor Sciences Research Grants for Research on Hepatitis from the Ministry of Health, Labor and Welfare, Japan.
